New carbamoyl-substituted azaindolizines were easily obtained by the reactions of diazines with bromoacetanilides, followed by the reactions of the corresponding N-phenylcarbamoylmethyl diazinium quaternary salts with ethyl propiolate in the presence of an epoxide as dehydrohalogenation agent and reaction solvent. Molecular orbital calculations, using AM1approximation, have been used to explain the regioselectivity in the 1,3-dipolar cycloaddition reactions of diazinium N-carbamoylmethylides to ethyl propiolate.
Introduction
Indolizines and their aza analogues have interesting chemical and biological properties and their utility has been demonstrated in the chemistry of natural products, in materials science and in pharmaceutical chemistry.
2,3 1,3-Dipolar cycloaddition reactions, by virtue of their atom economy character, are efficient approaches for the synthesis of new indolizines and azaindolizines, otherwise difficulty obtainable. In a previous paper 1 we have presented new carbamoyl substituted indolizines and benzoindolizines obtained via 1,3-dipolar cycloadditions of the corresponding pyridinium and benzopyridinium N-carbamoylmethylides to alkynes and alkenes. Now, we report new carbamoyl-substituted azaindolizines obtained via 1,3-dipolar cycloaddition reactions of pyridazinium and pyrimidinium N-carbamoylmethylides with ethyl propiolate. Molecular modelling methods were applied in order to explain the regioselectivity in 1,3-dipolar cycloaddition reactions of the corresponding diazinium N-carbamoylmethylides to an unsymmetrical alkyne such as ethyl propiolate.
Results and Discussion
1,3-Dipolar cycloaddition reactions of diazinium N-carbamoylmethylides with ethyl propiolate, conducted in a sequential manner, were considered for the synthesis of carbamoyl-substituted Nbridgehead heterocyclic compounds. 4, 5 Intermediate diazinium N-carbamoylmethylides were obtained by the dehydrohalogenation of the corresponding N-phenylcarbamoylmethyl diazinium quaternary salts. By the direct reactions of the pyridazine and 4-substituted pyrimidines with bromo acetanilides the corresponding N-phenylcarbamoylmethyl quaternary salts 1-7 were obtained (Scheme 1, Table 1 ). The structures of quaternary salts 1-7 were confirmed by chemical and spectral analysis. Newly synthesised carbamoyl-substituted azaindolizines 10-16 are presented in Table 2 . C-NMR spectra of 10 and 11-16 show characteristic signals for the carbonyl carbon at δ 159-161 (carbamoyl group) and δ~164 (carbethoxy group). In each of these reactions only one regioisomer was obtained.
In our previous works [7] [8] [9] [10] [11] [12] many similar 1,3-dipolar cycloaddition reactions were described.
In all cases only pyrrolo[1,2-c]pyrimidines are formed. All our reactions were done using epoxides as solvent and hydrobromic acid scavenger. We did not observe selectivity changes when the reactions were done at room temperature in propeneoxide during up to two weeks or in 1,2-epoxybutane at reflux 20 hours followed by 2-3 days at room temperature. If the reactions are done in non-epoxide solvents using amines or alkali carbonates as acid scavengers 13,14 the selectivity and the regioselectivity of the reaction would be both affected, mixtures containing one or both 1,3-dipolar addition products to the dipolarophile triple bond together with ylide dimers beeing generated. The selectivity of the reaction can be increased by adding very slowly the acid scavenger 13 , but the formation of the dimers of the 1,3-dipoles could not be avoided. The stability and nucleofilicity of the ylides was analysed in correlation with their structure using semiempirical quantum calculations showing their ability to react as 1,3-dipole or nucleophiles 14 but no thorough evaluation was done on the reagents structure -regioselectivity relation beyond FMO level.
The regioselective control of these cycloaddition reactions has been analysed using the General Theory of Perturbation of the Molecular Frontier Orbitals. 15, 16 . Molecular orbital calculations were performed by AM1 method, 17 using HyperChem and MOPAC programs.
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Atomic charges, energies and molecular frontier orbitals for all the reactive centers involved in these reactions are presented in Table 3 . On the basis of the data from Table 3 , the ∆E of interaction HOMO ylide -LUMO ethyl propiolate and HOMO ethyl propiolate -LUMO ylide were calculated. The HOMO ylide -LUMO ethyl propiolate interactions show a smaller energy gaps than the opposite HOMO ethyl propiolate -LUMO ylide interactions, which is consistent with ylide-HOMO controlled reactions. 19 In accordance with FMO postulates, 16 once the HOMO/LUMO pair closer in energy has been identified, the new bonds will be formed between centers with atomic orbital coefficients with the same sign, the relative sizes of the possible pairs of coefficients predicting the regioselectivity. In 1,3-dipolar cycloaddition reaction of pyridazinium-1-carbamoylmethylide 8 with ethyl propiolate, the new bonds will be formed between the ylidic carbon and the unsubstituted C-1 carbon atom from the triple bond of ethyl propiolate, respectively between α-carbon of the pyridazine ring and C-2 carbon from the triple bond of the ethyl propiolate, as predicted by the calculations.
According with the FMO predicted behaviour, for the pyrimidinium-1-carbamoylmethylides 9a-f the new bonds should be formed between the ylidic carbon atom and the unsubstituted carbon atom C-1 from the triple bond of the ethyl propiolate and between C-2 atom of the pyrimidine nucleus and the C-2 atom from the triple bond of the ethyl propiolate leading to pyrrolo [ In fact, the second new bond is formed between C-6 atom of the pyrimidine nucleus and the C-2 atom from the triple bond of the ethyl propiolate, affording pyrrolo[1,2-c]pyrimidine derivatives 10-16 in disagreement with the FMO predicted behaviour. In order to rationalise these data we made a more thorough analysis. Looking at the MO's of ethyl propiolate one can see that only LUMO is located on the acetylene triple bond, the HOMO being located mainly on the ethyl fragment practically with no contribution of the p z orbitals of the acetylene fragment. Charge on C1 and C2 are both negatives -0.095 and respectively -0.183. This is in agreement with the ylide-HOMO control of the reaction (Figure 2 ). If we look again to the data in Table 3 then it is clear that differences between p z atomic orbital coefficients for C-1 and C-4 in the ylides 9d-9e are too small to discriminate reaction regioselectivity. On the other hand the negative charge on C-1 is always approximately the double of the charge on C-4, but the values are quite small and again we think this is not enough to discriminate between the two possible pathways.
In order to get a clearer picture of the interactions during the approach of the two reacting molecules we evaluated an energy hypersurface considering the two molecules at a distance of 3 Å and rotating the propiolate molecule with respect to the axes represented in Figure 3 . A similar interaction scheme and corresponding energy hypersurface has been build for the case when C-1 and C-3 carbons from the ylide react with the propiolate molecule. The obtained hypersurfaces are represented in Figure 4 together with the lowest energy interaction geometry.
Starting geometry Hypersurface Minimum energy geometry Figure 4 . Energy hypersurfaces and optimal interaction geometry's for ylide 8c and ethyl propiolate.
In the case of cycloaddition to C-1 and C-3 carbons of the ylide the energetically favoured geometry does not correspond to the standard antarafacial interaction expected for this reaction and the rotation of the propiolate molecule is strongly influencing the energy of the system generating a quite narrow energy minimum while in the case of C-4 and C-3 carbons the favoured geometry is the standard antarafacial interaction and also the energy minimum is wide being not so sensitive to the rotation of the propiolate molecule. The second minimum is favoured by approximately 8 Kcal/mol, at AM1 level, with respect to the first.
We can conclude that the formation of pyrrolo[1,2-c]pyrimidines 10-16 is favoured at least by three factors: charge distribution in the ylide molecule, minimal energy interaction geometry and sterically favoured antarafacial approach. These results still do not explain why the selectivity is affected by the reaction conditions namely changing the solvent and the acid scavenger. Also substituent effects observed in the additions of para substituted benzoyl 4-methypyrimidinium ylides 13 are not explained by our analysis. Further theoretical investigations will try to rationalise these experimental data.
Experimental Section
General Procedures. Melting points were determined on a Boetius apparatus and are uncorrected. The IR spectra were recorded on a Nicolet Impact 410 spectrometer, in KBr pellets. General procedure for N-methylcarbamoyl diazinium salts A mixture of a diazine (20 mmol) and the corresponding bromoacetanilide (20 mmol) in chloroform (50 mL) was heated at reflux for 20 hours. The mixture was cooled and left overnight at the room temperature. The solid product was filtered, washed with a mixture of methylene dichloride-diethyl ether (30 mL) and recrystallised from methanol or methanol/diethyl ether. The yields and m. p. are shown in Table 1 . The spectral data are given below. 
1-(N-Phenylcarbamoylmethyl)pyridazinium bromide (1)
.
Carbamoyl-substituted azaindolizines
General procedure A A mixture of diazinium N-methylcarbamoyl quaternary salt (10 mmol) and ethyl propiolate (1.14 mL, 11 mmol) in propenoxid (50 mL) was stirred at room temperature for 10-12 days and then was concentrated under reduced pressure. The residue was treated with methanol (10 mL) and kept refrigerated overnight. The solid was filtered and washed with cold methanol and then with diethyl ether. All crude products were recrystallised from chloroform/methanol.
General procedure B
To a suspension of diazinium N-methylcarbamoyl quaternary salt (10 mmol) in 1,2-epoxybutane (30 mL) 11 mmol of ethyl propiolate (1.14 mL, 11mmol) was added at room temperature The reaction mixture was refluxed for 18-20 hours and allowed at the room temperature for 2-3 days. Then, the solvent was evaporated in vacuum and the residue was treated with methanol (10-15 mL) when carbamoyl-substituted azaindolizines were precipitated. The solid mass was filtered off, washed with ether and recrystallised from chloroform-methanol. The yields and m. p. for carbamoyl-substituted azaindolizines 9-15 are shown in Table 2 . The spectral data are given below. 
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